Objectives: caregivers of patients with various diseases frequently report sleep disturbances and depressive symptoms. Care intensity for individuals with Parkinson's disease is mainly influenced by the severity of their motor impairment. The latter is associated with sleep fragmentation, nocturnal pain and cramps. These disease-specific characteristics contribute to sleep-related problems in patients. However, little is known about prevalence and causes of sleep disturbances in caregivers of Parkinson's disease patients. Design and setting: cross-sectional analysis, nested within the FAQT-Study, a prospective German cohort study evaluating determinants of quality of life in Parkinson's disease patients. Participants: we assessed 106 Parkinson's disease patients and their caregiving partners. Measurements: patients and partners were asked to fill in the Center for Epidemiologic Studies Depression Scale, the caregiver burden inventory, and the Gießener Beschwerdebogen of psychosomatic complaints. All instruments include questions about sleep related problems. Patients were examined by neurologists and classified according to established scales (UPDRS and Hoehn and Yahr scales). Results: frequent sleep disturbances were reported by 27% of all spouses. Relevant depressive symptoms were shown in 30% of spouses and 45% of Parkinson's disease patients (P-0.001). Depression scores in partners correlated with those in patients. Self-perceived bad night-time sleep in spouses was related to symptom severity, male gender, bad sleep in patients, and to the frequency of caregiving. Caregiver burden was identified as a mediator of the association between care intensity and bad sleep, while psychosomatic complaints were related to sleep problems independently. Conclusion: sleep disturbances are prevalent in partners of Parkinson's disease patients and influenced by their engagement in the caregiving process. Treatment optimization for motor symptoms in patients may not only contribute to improved patient sleep but also to a lower prevalence of sleep disturbances in caregivers.
Introduction
The prevalence of sleep disturbances in patients with Parkinson's disease (PD) is high and varies between 74% and 98% [1] [2] [3] [4] . Sleep fragmentation, early awakening, nocturnal cramps, pain, and nightmares as well as impaired motor function during the night are reported to be frequent [1, 4, 5] . Since up to 23% of all elderly men and 29% of women report regular sleep disturbances, a differentiation between disease-and age-dependent sleep disturbances is difficult [6, 7] . It is known that individuals involved in caregiving for partners with disease or family members experience in general higher rates of stress [8] , depression [9] , and sleep problems [10] than noncaregiving controls. The quality of life in caregivers is reported to be reduced regardless of the disease of the care receiver [11] . While in dementia disorientation and other psychiatric symptoms form the primary challenges in caregiving, in PD patients it is motor impairment. However, the emphasis of research has been primarily on the patient rather than on the caregiver. To date, only one study examined sleep disturbance in spouses of PD patients and reported a prevalence of 27% for male and 48% for female spouses [12] . In this analysis, spouses' own rating of depression was the best predictor of sleep disturbance. Nocturnal waking of spouses to help the patient was predicted by patient factors like severity of disease [12] . However, the entire study was based on self reports by questionnaire and patients were not examined by a physician for a validation of the diagnosis, subtype classification, and severity ratings.
The aim of our study was to assess the prevalence and causes of sleep problems in partners of PD patients participating in the FAQT-study, a prospective, German cohort study evaluating determinants of quality of life in PD patients.
Methods
This cross-sectional analysis of sleep disturbances in spouses of PD patients was embedded in the FAQT Study (Determinants of Quality of Life of Parkinson's Disease Patients in Ambulatory Care). For FAQT, 209 non-demented PD patients were recruited in 10 German university out-patient clinics, fulfilling conventional diagnostic criteria for PD [13, 14] . Patients were evaluated again at a 12-months follow-up. At baseline and follow up, patients were evaluated by an experienced neurologist using the following instruments: Unified Parkinson's Disease Rating Scale (UPDRS) motor scale [15] , Hoehn and Yahr classification [16] , German versions of Short Form-36 (SF-36) [17] , Parkinson Disease Questionnaire (PDQ-39) [18] , and Center for Epidemiologic Studies Depression Scale-10-item short form (CES-D) [19] . Standardised instruments were also used to assess (Instrumental) Activities of Daily Living, utilisation of medical care, and medications. At baseline only, patients' caregivers were also asked to fill in the caregiver burden inventory [20] , the Gießener Beschwerdebogen for psychosomatic complaints [21] , and the CES-D-10-item short form. We restricted our analysis to those PD patients who lived with a partner and completed the CES-D questionnaire. This restriction yielded 106 PD patient-spouse-pairs.
We used questions on sleep related problems and fatigue which were part of two of the three questionnaires answered by the caregivers. More specifically, these questions were: 1) Have you had bad night-time sleep during the last week? 2) Do you feel annoyed by excessive necessity of sleep? 3) Do you feel distressed by daytime tiredness? 4) Do you feel distressed by quick exhaustion?
Question 1 is part of the CES-D and includes four response options ranging from 0 'never/rarely (less than 1 day)' to 3 'very much/always (5 to 7 days)'. Bad sleep was defined to be present if question 1 was answered with 'often' or 'always', i.e. three or more nights during last week. For questions 2, 3 and 4 (part of the Gießener Beschwerdebogen of psychosomatic complaints), subjects were asked to respond on a five-point scale ranging from 'not at all' (0) to 'very much' (5) . Answers to these three questions were also dichotomized and the factors excessive necessity of sleep, daytime tiredness, and quick exhaustion were coded positive if answers included the two highest answer categories 'considerably' or 'very much'. Caregiving frequency in spouses was classified in 3 categories as 'never or unnecessary', 'regularly but not daily', and 'daily'. Bad sleep in patients was also assessed with the CES-D and dichotomized with a cut-off of three or more nights per week.
Multivariate logistic regression was applied to evaluate risk factors associated with bad sleep in spouses. Separate models were used to analyse factors related to patients, spouses, and the summary scores to account for the fact that several variables were considered to be mediators of effects, i.e. in the causal pathway of others factors.
Results
Factors influencing prevalence and severity of sleep disturbances in caregivers of PD patients were analysed in 106 patient-spouse-pairs. One hundred and one of the pairs provided all information; 99 of these lived together. The socio-demographic and clinical data of patients and spouses are presented in Table 1 . The majority of patients were male and thus more partners were female. About 70% of them were involved in caregiving for their partners with disease and 50% provided care on a daily basis. One third of the patients and about one quarter of their partners reported bad night-time sleep. Fifty-two percent of the patients and 30% of the spouses scored 10 or more points on the CES-D (10-item short form), the cut-off value suggestive of underlying manifest depression. Depression scores of patients and spouses were strongly correlated (r =0.35, P =0.001). The disease characteristics of the care receivers reveal that the large majority of this outpatient PD population has a mild to moderate disease severity. Table 2 shows the prevalences of sleep-related problems and psychosomatic complaints of the spouses, stratified by the frequency of caregiving. The prevalence of all reported sleep disturbances increased with regular engagement in caregiving in a dose-response pattern. A 4-fold increase in the reported rates of bad night-time sleep and excessive tiredness were observed between spouses not engaged in caregiving and the group that provided daily care. Similarly, the summary score of psychosomatic complaints (Gießener Beschwerdebogen) increased between the first and the latter group. In comparing the four subscales of this summary score, the largest differences between the three groups were observed for limb complaints and increasing exhaustion. The two summary scores for depression and caregiver burden showed the same pattern of increase with regular provision of care.
An analysis of risk factors for bad sleep in spouses must carefully distinguish between causal factors and mediators. Since the frequency of caregiving is dependent upon the severity of patient symptoms, frequency should not be included in an analysis evaluating the association between disease severity and bad sleep in spouses. Frequency is in the causal pathway of this association and any adjustment for it would attenuate the relation between disease severity and bad sleep in caregivers. The same is true for the summary scores for depression and caregiver burden. To address these methodological issues, we evaluated different logistical regression models that included only spouse-related factors, only patient-related factors and only summary scores. Table 3 reports the results of these analyses.
A number of disease-and patient-related variables were significantly associated with bad sleep in spouses. Among them, the increase in severity of motor symptoms (as measured by the UPDRS motor score) and self-reported bad sleep in patients contributed to bad sleep in spouses. The finding that male gender of patients was also related to bad sleep rather reflects the fact that the role of the caregiver is predominantly a female one. Having a household support was also related to bad sleep. We interpret household support in this context as an indirect measure of low functional status of the respective caregiver. Private health care insurance, which we interpret as an indirect measure of high social status, was inversely but not significantly related to bad sleep in spouses. Despite being highly correlated to the same score in spouses, the CES-D score in patients was not related to spouses' bad sleep. In the next step, we evaluated factors that are related to spouses and partners. The frequency of their caregiving was strongly and significantly related to bad sleep. Spouses involved in daily caregiving had a 7-fold increased risk of sleeping badly compared to partners not involved in caregiving. We also evaluated a model that included both patient-and spouse-related factors (not shown). The concurrent adjustment for symptom severity and caregiving frequency in this model reduced the OR for bad sleep in spouses for each increase of 10 points in the UPDRS motor score to 2.3 (95% CI 0.91-4.9) and attenuated the significant association with caregiving frequency.
We further evaluated the association between summary scores and bad sleep in spouses and partners. After adjustment for spouse age and gender, caregiver burden as well as the summary score of psychosomatic complaints were significantly related to bad sleep.
Additional adjustment for care frequency attenuated the relation between caregiver burden and bad sleep, but not the one with psychosomatic complaints (data are not shown). This finding indicates that the latter score is independent of caregiver burden and caregiving frequency. Finally, the adjustment for spouse depression scores (CES-D) attenuated the association of all other significant factors for bad sleep in spouses (data are not shown). Since 'bad sleep' is rather a symptom of depression than an independent outcome, however, such an adjustment must be considered inadequate.
Discussion
This study shows that self-rated sleep disturbances and depression are frequent not only in PD patients but also in their spouses and partners. We found that caregiving frequency is related to self-perceived bad sleep in partners of PD patients. We identified motor symptom severity and bad sleep as patient-and disease-related factors in addition to support measures as being associated with bad sleep in spouses. Psychosomatic complaints also contributed to bad sleep, but independently of the intensity of care, while caregiver burden was a mediator for the frequency of care provision. Additionally, depression in caregivers was closely related to depression in their care receivers. The depression score was the single most important factor for bad sleep; however, the latter must be considered rather a symptom of depression than an independent outcome. Our findings are in agreement with the only previous study that examined sleep disturbances in PD caregivers [12] . However, a direct comparison of both studies is difficult because different instruments were used to assess depression and care intensity. We observed a lower prevalence of sleep disturbances in spouses in our study. Since the wording of the two questions chosen in both studies is only slightly different, one reason for the difference in sleep disturbances might be that spouses in our study were younger on average. Sleep disturbances and depression are known to increase with age [6, 7] . A second reason might be that in our study almost twice as many male spouses were included as in the study by Smith et al. (38% versus 22%), and it is known that men report bad sleep less often [12] . Another reason might be that our study included patients in ambulatory care with a predominantly mild to moderate disease severity while Smith et al. studied hospitalized patients [12] . Consequently, only half of the spouses in our study reported daily caregiving. Thus, the observed prevalence of sleep disturbances and depression in spouses would be expected to be even higher in a more severely affected PD population. In another study on spouse's perspectives by stage of disease, depression in spouses was found only to be higher in related patients with Hoehn and Yahr stages IV and V [22] .
The outcome examined in our study needs careful consideration. Self-perceived 'bad sleep' may not be interpreted as an objective measure of sleep pathology. For the latter, a polysomnographic examination in a sleep laboratory has to be done. Even if such an examination shows a normal result, i.e. the absence of any sleep pathology, the respective person might report 'bad sleep' in his or her self-perception. In this context, self-perceived bad sleep reflects a similar concept to self-perceived health status, but does not necessarily reflect objectively measurable symptoms. Since it is the self-perception of bad sleep that causes distress and consequently utilization of medical services, we consider this outcome as important.
Sleep problems are a common finding in the elderly, more in women than in men [6, 7] . Using the same CES-D question as in this study, we also observed a higher prevalence of bad night time sleep in women than in men (31.8 % versus 17.3 %, age range 65-81 years) in the population based Memory and Morbidity in Augsburg Elderly (MEMO-Study) in southern Germany [23] . Since the majority of care is provided by women, irrespective of the disease of their care receiver, female caregivers are at high risk for sleep disturbances. However, sleep complaints are a common but still understudied problem in family caregivers [10] .
Other studies have evaluated sleep complaints in caregivers of patients with different diseases and found similar results. Caregivers of adults with dementia report more sleep complaints than healthy controls of similar age [10] . In this study, lower levels of education, less internalised anger, care receiver disruptions, and psychological distress were related to poorer sleep quality [10] . Carter and Chang found a very high prevalence (95%) of severe sleep problems in 51 caregivers of cancer patients in southern California. They recommend early exploration of chances for interventions that allow the caregiver to obtain needed sleep without diminishing their ability to fulfill their role [24] . Sleep problems also contribute to the decision to institutionalise an older individual, because of interference with the sleep of the respective caregiver [25] .
Our study is subject to a number of strengths and limitations. We included clinic outpatients in our study and thus, a patient population that might be less selected towards more severe disease stages than e.g. in polysomnographic studies of PD patients. Another strength is the standardised physical examination of each patient by experienced neurologists that was the basis for the classification of severity. We were able to analyse risk factors for sleep disturbances that were related to diseasespecific factors in patients in addition to socioeconomic variables in spouses. Data collection in the latter group was only done during the baseline assessment of the FAQT project, limiting the presented analysis to a cross-sectional study. The FAQT Study was designed prospectively to evaluate determinants of quality of life of PD patients in ambulatory care and therefore did not include a control group.
In summary, our findings show that sleep disturbances are a frequent finding in partners of PD patients and that they are influenced by their engagement in the caregiving process. The latter can be explained by a higher level of caregiver burden caused by more frequent provision of care. Psychosomatic complaints, however, that are also related to sleep disturbances, do not explain the effect of caregiving frequency on bad sleep. Our results have implications for the management of patients with PD, with and without sleep disturbances. An optimised therapy of motor symptoms, particularly during the night, contributes not only to an improved patient sleep but also to a lower prevalence of sleep disturbances in their caregivers by positively influencing the two risk-factors motor symptom severity and bad patient sleep. In addition, therapeutic interventions such as cognitive-behavioral treatment or specific drug therapies in more severe cases, also in patients' care providers, can improve the quality of caregiver sleep [26] . We conclude that such optimisations of therapy would be 'twice effective', once in the care receiver but also in their care provider.
Key points
. Sleep disturbances and depressive symptoms are frequent in caregivers of PD patients. . Caregiving frequency is related to sleep disturbances in caregivers. . Motor symptom severity and bad sleep in patients is associated with bad sleep in caregivers. . Depression in caregivers is closely related to depression in their care receivers. . The depression score is the single most important factor for bad sleep in both groups. . Treatment optimisation might improve not only sleep in patients but also in their caregivers.
